Background The sacroiliac joint has been implicated as a source of chronic low back pain in 15% to 30% of patients. When nonsurgical approaches fail, sacroiliac joint fusion may be recommended. Advances in intraoperative image guidance have assisted minimally invasive surgical (MIS) techniques using ingrowth-coated fusion rods; however, how these techniques perform relative to open anterior fusion of the sacroiliac joint using plates and screws is not known. Questions/purposes We compared estimated blood loss (EBL), surgical time, length of hospital stay (LOS), and Oswestry Disability Index (ODI) between patients undergoing MIS and open sacroiliac joint fusion. Methods We retrospectively studied 63 patients (open: 36; MIS: 27) who underwent sacroiliac joint fusion with minimum 1-year followup at our institution from 2006 to 2011. Of those, 10 in the open group had incomplete records. All patients had sacroiliac joint dysfunction confirmed by image-guided intraarticular anesthetic sacroiliac joint injection and had failed nonoperative treatment. Patients were matched via propensity score, adjusting for age, sex, BMI, history of spine fusion, and preoperative ODI scores, leaving 22 in each group. Nine patients were not matched. We reviewed patient medical records to obtain EBL, length of surgery, LOS, and pre-and postoperative ODI scores. Mean followup was 13 months (range, 11-33 months) in the open group and 15 months (range, 12-26 months) in the MIS group. Results Patients in the open group had a higher mean EBL (681 mL versus 41 mL, p \ 0.001). Mean surgical time and LOS were shorter in the MIS group than in the open group (68 minutes versus 128 minutes and 3.3 days versus 2 days, p \ 0.001 for both). With the numbers available, mean postoperative ODI scores were not different between groups (47% versus 54%, p = 0.272). Conclusions EBL, surgery time, and LOS favored the MIS sacroiliac fusion group. With the numbers available, ODI scores were similar between groups, though the study size was relatively small and it is possible that the study was underpowered on this end point. Because the implants used for these procedures make assessment of fusion challenging with available imaging techniques, we do not know how many patients' sacroiliac joints successfully fused, so longer followup and critical evaluation of outcomes scores over time are called for.
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Introduction
The sacroiliac joint has been implicated as a source of chronic low back pain in 15% to 30% of patients [2, 3, 5, 7, 8, 11, 12, 15, 19, 20, [23] [24] [25] . In a recent study by Sembrano and Polly [20] , of 200 consecutive new patients examined in a spine clinic with a chief complaint of low-back pain and no prior history of spine, sacroiliac joint, or hip surgery, 65% were found to have pain attributed to the spine only, while 5% were attributed to the sacroiliac joint only and 14.5% were attributed to both.
The mainstay of therapy for disorders of the sacroiliac joint has been nonoperative treatment, including activity modification, NSAIDs, physical therapy, and sacroiliac joint injections [2, 3, 26] . When these modalities fail, traditional open sacroiliac joint arthrodesis may be recommended. However, morbidity with the open technique of sacroiliac joint fusion is not inconsequential, including intraoperative blood loss, multiple-day hospital stay, and limits on postoperative weightbearing. In light of these concerns, recent advances in intraoperative image guidance have led to minimally invasive surgical (MIS) techniques being utilized with increasing frequency over traditional open procedures [14] . While the technique appears promising, to our knowledge, no outcome data are reported in the literature comparing the two surgical techniques with regard to intraoperative blood loss, surgical time, hospital stay, or patient-reported outcomes. We therefore compared estimated blood loss (EBL), length of surgical time, length of hospital stay (LOS), and Oswestry Disability Index (ODI) associated with open and MIS sacroiliac joint fusion techniques using propensity-scorematched cohorts.
Patients and Methods
This retrospective comparative study was approved by our institutional review board. extensive spine experience, including MIS. All patients had sacroiliac joint dysfunction/sacroiliitis confirmed by specific provocative physical examination tests and diagnostic/ therapeutic image-guided sacroiliac joint injections and had failed nonoperative treatment.
We reviewed the medical records of these patients with a minimum followup of 1 year to obtain the following information: demographics (age, sex, BMI), history of spine surgery, EBL, length of surgery, LOS, and pre-and postoperative ODI. EBL was estimated by the surgeon. Length of surgery was calculated from the time of cutting time to closing time as defined by in-house policy. LOS was recorded from day of admission to day of discharge in the hospital records. Preoperative and latest ODI scores were patient derived.
To reduce the influence of selection on the comparison of the two techniques, we used propensity score pairwise matching of patients undergoing MIS sacroiliac joint fusion to the pool of available patients who underwent open sacroiliac joint fusion. To do this, logistic regression was used to develop a propensity score (IBM 1 SPSS 1 ; IBM Corp, Armonk, NY, USA). The propensity score was constructed using the following preoperative variables: age, sex, BMI, history of spine surgery, and preoperative ODI. For this, matching to five decimal points was initially performed, followed by four-, three-, two-, and one-decimal point matching. MIS patients whose propensity scores deviated more than 0.25 from those of open patients were considered unmatched. To ensure good matches, we performed postmatching comparison of mean age, BMI, and preoperative ODI using t-tests and distributions of sex and history of spine surgery using Mann-Whitney U tests. Four patients from the open group and five from the MIS group were unmatched. A total of 38% (14 of 36) in the open group and 18% (five of 27) from the MIS group were not included in the analysis. 
Open Anterior Sacroiliac Joint Fusion Technique
The sacroiliac joint was approached anteriorly through an ilioinguinal incision of approximately 20 cm in length. The skin and subcutaneous tissue were incised sharply. With sharp dissection, the external oblique and gluteal fascia was exposed and an interval developed. The iliacus was elevated from the iliac fossa with a subperiosteal dissection and a retractor placed inside the iliopectineal line of the pelvis. With retraction, electrocautery was used to expose the superior capsule of the sacroiliac joint. Under headlamp illumination, the capsule was removed off the iliac and sacral portion of the sacroiliac joint with a Number 15 blade. A pointed Homan retractor was inserted on the sacral ala after careful exposure. The sacroiliac joint cartilage was resected using a series of curettes and rongeurs removing all cartilage back to the posterior ligament and structures. Bone graft was harvested from the inner table of the ilium and then morselized. All the bone graft was packed into the sacroiliac joint after predrilling both the sacral and iliac sides with multiple 2.5-mm drill holes. A three-hole 4.5-mm reconstruction plate was contoured and fixed with a fully threaded 6.5-mm cancellous screw on the sacral side and two cortical screws on the iliac side (Fig. 1) . The plate was inspected to make sure there was no soft tissue under it or stretched over it. The soft tissues were allowed to fall back in place and a 1/8-inch hemovac drain was placed into the iliac fossa. An absorbable gelatin compressed sponge was placed into the bone graft harvest site. The external oblique and transversalis fascia was repaired to the gluteal fascia with multiple figure-of-eight sutures and wound closed in layers.
Postoperatively, the patients were kept toe-touch weightbearing for 6 weeks. At 6 weeks, the patients were treated with pool therapy for 4 weeks with progressive weightbearing. This was followed by 8 weeks of landbased therapy focusing on core body strengthening.
MIS Sacroiliac Joint Fusion With Three-dimensional CT Image-guided Navigation
The patient, under general anesthesia, was placed in a prone position with hips and knees extended on a Jackson table. A percutaneous pin with a frame registry marker was inserted into the contralateral posterior superior iliac spine. A portable sterile covered CT scan (O-arm) was placed into position at the sacroiliac joint. Coronal and lateral fluoroscopic images were taken to verify correct position, followed by a CT scan. Three-dimensional image data were then transferred to a computer workstation (Stealth 1 ; Medtronic, Inc, Minneapolis, MN, USA) for navigation. Computer registration of tracked instruments (probe and drill guide) was carried out. Using a navigated probe, approximate implant positions were marked on the skin over the lateral border of the gluteus. Local anesthetic was infiltrated and a 4-to 5-cm incision was made through the skin only. Under image guidance, a registered drill guide was navigated into position and a K-wire placed across the sacroiliac joint ( Fig. 2A) . This was then checked under fluoroscopy. The soft tissue envelope was then dilated with cannulated serial dilators. Once the surgeon decided that the trajectory was in satisfactory/optimal position (Fig. 2B) , implant length was measured and a pilot hole was made using a cannulated drill bit, followed by a cannulated broach. The implant, a triangular plasma-sprayed ingrowth fusion rod (iFuse Implant System 1 ; SI-BONE, Inc, San Jose, CA, USA), was then inserted. A total of three fusion rods were typically placed. Two-and three-dimensional imaging was done to check implant position across the sacroiliac joint (Fig. 2C-D) . The wound was irrigated and closed.
Postoperatively, patients were kept toe-touch weightbearing for 3 weeks, followed by physical therapy to restore normal gait.
Statistical Analysis
Descriptive statistics are summarized as mean and SD for continuous variables when indicated, whereas categorical variables are expressed as percentages. We compared quantitative variables using Student's t-test and categorical variables using the Mann-Whitney U test with an alpha set at 0.05. All statistical analyses were performed using IBM 1 SPSS 1 software.
Results
The MIS group had a lower mean EBL at 41 ± 31 mL than the open group with 681 ± 479 mL (p \ 0.001) ( Table 2 ). The mean length of surgery (incision to closure) was shorter for the MIS group at 68 ± 27 minutes compared to the open group with 128 ± 28 minutes (p \ 0.001). The open group had a longer mean LOS at 3.3 ± 1.1 days compared to the MIS group with 2.0 ± 1.5 days (p \ 0.001).
The mean postoperative ODI scores for the open and MIS groups were not different (47% ± 22% and 54% ± 17%, respectively; p = 0.272) ( Table 2 ). The ODI There were three complications for the open group: one pulmonary embolism that resolved with treatment and two revisions due to failed implant and nerve root irritation. Similarly there were three complications in the MIS group: one pulmonary embolism that resolved with treatment and two revisions due to halo formation on the sacral side with recurring sacroiliac joint pain.
Discussion
Although the use of MIS techniques is becoming more common among surgeons [14] , it is difficult to determine the effectiveness of MIS techniques for sacroiliac joint fusion compared to open techniques when only observational studies with no control groups are available as evidence. This is especially true when covariates such a history of lumbar spine surgery have been reported to be an important factor in the clinical results of sacroiliac joint fusions after failed nonoperative management [22] . We therefore compared EBL, surgical time, LOS, and ODI associated with open and MIS sacroiliac joint fusion techniques using a study cohort that was propensity score matched to controls for confounding preoperative variables. Adequacy of the matching was further validated by comparison of the preoperative variables, which showed no differences, implying a reasonably matched cohort was achieved.
There are several limitations of our study. First, there was no imaging to confirm fusion. The surgeons in this study do not routinely perform CT scans at 1-year followup to document fusion, and without any confirmation from imaging, there is no way to evaluate the consistency or quality of the fusions achieved here. Second, as the followup was short term, late complications such as pseudoarthrosis may not yet be evident; in particular, if the MIS approach is less effective at achieving fusion, the followup at 1 year will not be sufficient to detect clinical problems related to this issue. Third, the ODI as an outcome tool is not specific for the sacroiliac joint and may be insensitive in assessing functional recovery between treatments.
Other limitations include the retrospective nature of this study. While all patients operated on were evaluated using patient-reported outcome measures, there are well-recognized limitations in this methodology. Although both surgeons are skilled, experienced surgeons, each has a different scope of practice (trauma versus spine). Also, patient selection criteria for sacroiliac joint fusion are not well established. There was a similar approach between the two surgeons, but there likely were some differences between them in terms of when and how surgery was proposed to patients with the diagnosis of chronic sacroiliac joint pain. Typically, the treating surgeons insisted on a trial of nonoperative management, including physical therapy supervised by therapists with interest and experience in treating patients with sacroiliac joint problems. Physical examination had to be concordant with the diagnosis. Subsequently, we are now employing a more structured physical examination, including documentation of the Fortin finger test, tenderness to palpation of the posterior superior iliac spine, posterior thigh thrust, flexion abduction external rotation test, pelvic gapping, pelvic compression, Gaenslen's test (differential pelvic shear testing), and sacral thrust. A confirmatory image-guided diagnostic block of the sacroiliac joint with a greater than 50% relief of symptoms commensurate with the local anesthetic was also utilized. How much greater than 50% as reported by the patient to the surgeon or to the physician performing the injection had some variation.
Another limitation is the confounding issue of concomitant pain generators, which remains a clinical challenge. Trying to rule out hip or spine pathology as the pain generator is problematic. Initial patient history and physical examination provided some insight. In cases of ambiguity, a diagnostic hip injection was performed and believed to be reliable for ruling out the hip. The spine was more problematic. Axial imaging was commonly used, and if abnormal, epidural steroid injections, selective nerve root blocks, or facet injections were done. However, there was not an a priori algorithm established, as this thought process is evolving. Finally, not all patients with sacroiliac joint pain were offered surgery. It is the impression of the two surgeons in this report that patients who have had previous spine surgery, especially fusions, see less benefit than those without concomitant spinal pathology. In addition, psychologic factors, although not well quantified to date, also seem to play a role. Only when the surgeons believed that the potential to benefit exceeded the potential to harm were the patients offered surgery. Objectively quantifying the surgeon thought processes to date is elusive. Further, the specificity of the ODI may not be ideal for sacroiliac joint dysfunction as the change in scores in both of our cohorts achieved the minimum clinically important difference for the ODI [6] , and the ODI is probably not a tool with good discrimination between sacroiliac joint pain and concomitant spine issues.
Finally, there were differences between groups in postoperative rehabilitation regimens, 3 weeks versus 6 weeks of limited weightbearing. This may or may not play an important role in the outcomes. Likewise, there were some baseline and surgical characteristics that might have been important but were not recorded in this study, including the length of sacroiliac joint symptoms before surgery, the precise response to preoperative diagnostic sacroiliac joint injection, and the last vertebral segment instrumented (for those with prior surgery); as these parameters were not consistently recorded, they could not be compared between the study groups.
Complications and the absence of long-term followup with the MIS procedure are other concerns. Reported complications of the MIS procedure in other work include compression of the L5 nerve root, radiculitis secondary to implant penetration in the sacral neuroforamen, and iliac fracture [17] . This study did not compare the procedure in terms of complications. Open sacroiliac fusion may still be more appropriate in cases where patient anatomy is atypical or when revision surgery for nonunion is required. The obvious advantage of open sacroiliac joint fusions over MIS is the ability to perform a formal cartilage denudation and autologous bone grafting. It is important to take into account that the MIS group was exposed to a larger dose of radiation with the use of O-arm navigation. We believe a rough estimate is that each O-arm spin is equivalent to 40 seconds of fluoroscopy. Furthermore, long-term outcomes for open sacroiliac joint fusion have been reported with good results [10] , in contrast to MIS techniques where long-term outcomes have yet to be reported.
Potential advantages of MIS sacroiliac joint fusion technique include a small incision, minimal blood loss, relatively short operating time, decreased soft tissue disruption, and a shorter hospital stay. These parameters have been implicated in minimizing the risk for surgical site infection in other spinal surgical procedures [13, 16, 21] .
Buchowski et al. [4] reported good radiographic and functional outcomes after traditional open techniques of sacroiliac joint arthrodesis for nontraumatic sacroiliac joint pain/dysfunction diagnosed by physical examination and intraarticular sacroiliac joint injections for patients failing nonoperative management. They reported 85% solid fusion rate and significant improvement based on SF-36 questionnaires. Similarly, percutaneous sacroiliac joint fixation has also been reported to have good results in SF-36 scores and fusion rates [1, 9, 17, 18, 27] . We found improvements in both treatment groups and no difference between groups in postoperative ODI after controlling for age, sex, BMI, spine surgery history, and preoperative ODI.
In conclusion, this study has raised important points that may be considered in the choice of open or MIS sacroiliac joint arthrodesis. Decreases in EBL, surgery time, and LOS were observed for MIS sacroiliac joint fusion compared to the open technique. The effectiveness of the two sacroiliac joint fusion techniques appears to be comparable as suggested by similar ODI scores between the two groups. However, because the implants used for these procedures make assessment of fusion challenging with available imaging techniques, we do not know how many patients' sacroiliac joints successfully fused, so longer followup and critical evaluation of outcomes scores over time are called for.
